Rational bottom-up assembly of nanowire networks may be a way to successfully continue the miniaturization, which is the main driving force behind the semiconductor industry. So far, the fabrication of branched nanowire structures is based on processes, which are limiting the control over crystalline quality, position of the junction and overall morphology. [1, 2] Here we report a rational bottom-up epitaxial fabrication of planar nanowire architectures. Bottom-up growth of nanowires is the preferred route as it provides complex contact schemes, such as gates underneath and superconducting contacts on top of the structure, which cannot be easily achieved by top-down methods.
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Furthermore, nanowire growth grants a great degree of freedom in combining materials with different lattice parameters and doping profiles, [3, 4] allowing for configurations impossible to realize in thin film geometry.
2 Achieving a single crystalline nanowire junction is nevertheless a challenging task. [5, 6] Defects are undesirable as they might induce carrier scattering and therefore reduce the transport properties. [7] We use the substrate crystallography to ensure the nanowires meet under the optimal angle for formation of single-crystalline structures.
Moreover, by exact control of the position of the catalyst in two directions we can tune the type, as well as the number, of wire-to-wire junctions.
Our method is generic and can be employed to synthesize interconnected nanowire architectures of group III-V, II-VI and IV materials. InSb is our material of choice due to its superior transport properties [8, 9] which make it a promising platform for the future random access memories based on Majorana fermions (MFs). [10, 11, 12, 13] The challenge ahead is to design and fabricate new quantum devices, which would allow for braiding of MFs -an operation, which should bring us one step closer to topological quantum computing with these quasiparticles. The simplest circuit necessary to demonstrate the braiding of Majorana fermions consists of five superconducting islands connected by a 2-junction nanowire structure and enclosed in a transmission line resonator. [14] To fully exploit computational power of Majoranas, i.e. to allow for multiple independent braiding operations, complex nanowire systems with more than two junctions are demanded. [15] It is of great importance to develop a novel method of material synthesis, which would enable the controlled fabrication of planar interconnected nanowire architectures.
In order to control the nanowire position, arrays of gold islands are patterned on (001) InP substrate by electron beam lithography (EBL). InP nanowires grown on InP (001) substrates are used as stems for InSb nanowire growth to facilitate the nucleation 3 of InSb wires, which is difficult on flat surfaces. [16, 17] We use an InP substrate because P from the substrate cannot easily be incorporated into InSb due to the large miscibility gap in the ternary, [18] in contrast to As when an InAs substrate is used. Hence, a vertical <001> InP segment is first grown (Figure 1a) . [19] It is then possible to change the growth direction of the InP nanowires into a <111>B direction (Figure 1b ) by changing the contact angle of the catalyst droplet. [20] These kinked InP nanowires are then used as stems for the growth of InSb nanowires ( Figure 1c) . As already reported, [21, 22, 23] (001) substrates are ideal candidates for the growth of complex structures since two <111>B directions are available.
To be more precise, on an (001) III-V substrate there are 4 <111> directions pointing upwards of which two correspond to <111>A and two to <111>B directions. As several studies have shown that InP and InSb nanowires normally grow in a <111>B direction, [24] we can conclude that there are only two growth directions available on an (001) III-V substrate (Figure 1d ). Hence, 50% of the InSb wires will grow in the B and 50% in the [-1-1-1]B direction. [20] Since the InSb wires are epitaxially connected to the substrate they will meet under an angle of 109.5° (Figure 1e ), which is precisely the angle between two <111>B directions in a zincblende monocrystal. This, plus the fact that InSb wires crystallize in the defect-free zincblende crystal structure (as opposed to wurtzite InAs nanowires), is why our approach is expected to result in a high yield of single-crystalline junctions.
We first discuss the situation in which the catalyst particles are exactly aligned directions) meet, they touch tip-to-tip. The two gold droplets coalesce into a bigger one 4 and a nanowire "bridge" is formed (Figure 2b,c) . [21] Although this is an interesting approach to double the length of the InSb wires while maintaining the relatively small diameter, we are interested in multi-branched wires. In order to assist formation of crossing events, arrays with a misalignment in the y-direction were designed ( Figure   2d ). In this case, two InSb nanowires, growing towards each other from two mutually misaligned droplets, do not merge into a "bridge" structure. Instead, they grow in close proximity and finally merge due to radial nanowire growth forming a nanocross ( Figure   2e ,f). The crystalline structure of the junctions is investigated by transmission electron microscopy (TEM). Supporting Information); each of which has a 25% probability.
We note that with this method the yield of single crystalline junctions has been increased significantly compared with our previously reported approach (from 8% to 25%), [25] but further improvements are desirable for efficient device fabrication. One possible way to further increase the yield of single-crystalline nanostructures is to use 6 defect-free InP nanowires as stems for InSb nanowire growth. In this manner we would be able to increase the yield of perfectly single-crystalline structures from 25% to 100%.
For this the growth of defect-free zinc-blende <111>B InP wires has to be developed, which has not been reported so far. An alternative route is to directly grow InSb nanowires on the vertical <001> InP nanowires, which are defect-free ( Figure S4 , Supporting Information). It is, however, difficult to nucleate InSb wires on top of these stems because during the cool down of the <001> InP nanowires a defect-free zincblende <111>B segment is formed. [20] The low surface energy of the AuInSb droplet on top of the kinked <111>B segment causes the wetting of the InP nanowire sidewalls, which will prevent InSb nanowires from nucleating.
A significant advantage of our method is the possibility of controlled fabrication of planar multiple wire structures. Important to mention is that the type of structure, which is predominantly formed, can be tuned by the catalyst spacing and offset. Figure 4a illustrates what we denote as a π-structure, as its shape resembles the one of the greek letter π. It is formed out of 3 wires, 2 of which are growing from mutually aligned catalyst particles and are therefore forming a nanowire-bridge structure, while the 3 rd nanowire is misaligned with respect to the other two and is crossing one of the two legs of a bridge. Figure 4b To summarize, we demonstrate an unprecedented level of control in growth of complex InSb nanowire structures. We report, for the first time, planar, crystalline nanowire structures formed out of more than two nanowires -nanowire π-structures, 8 closed nanowire loops and nanowire networks The perfect control of the droplet positioning, i.e. the offset between the neighboring gold droplets in an array, allows us to favor crossed junctions over "bridge"-junctions and, in such a way, increase the yield of advantageous structures.
Experimental Section
Nanowire growth: Nanowires have been grown on (001) InP substrate using Au- ).
Supporting Information
Supporting Information is available from the Wiley Online Library or from the author. From the bright field TEM image we can see that the <001> InP segment and <111>
InSb nanowire are defect free. On the contrary, a significant number of stacking faults present in the <111> InP segment makes it safe to conclude that there is a 50:50 chance an odd or even number of twin domains will be present in this segment.
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Section 5: A table summarizing all possible crossing scenarios. In 25% of the cases, the nanostructure will be single crystalline. A defect-free pure zinc blende (111) InP segment would lead to a 100% yield of single crystalline junctions.
